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ABSTRACT 
 

Introduction: Spondyloepimetaphyseal dysplasia with joint laxity is a rare 

skeletal dysplasia manifesting with short stature, joint laxity with 

dislocation(s), limb malalignment, and spinal deformity, for which a 

causative gene mutation has not been discovered.  

Methods: 8 variations in the KIF22 gene were detected in 7 of 8 patients 

by using whole exome sequencing. To identifying disease causal mutation 

and familial specific polymorphism, we performed mutation validation, 

family study, Korean population study, and protein damage prediction. 

Results: They revealed that the mutations p.Pro148Leu, p.Pro148Ser or 

p.Arg149Gln induced by c.442C>T, c.443C>T or c.446G>A co-

segregated with the phenotype in familial patients and were present in 

four out of five sporadic patients. These mutations in KIF22 were absent 

in unaffected parents and 505 Koreans and implicated as harmful 

mutations by protein damage prediction tools. The other two novel 

mutations were found in family members with normal phenotype of the 

patient and one of them was detected in 2.8% of Korean population.  

Conclusions: The result of Sanger sequencing validation was identical to 

the result of whole exome sequencing. There was no false positive signal 

and the three variants, c.442C>T, c.443C>T and c.446G>A, were only 

detected in the patients.  We classified c.695G>A as a familial specific 

polymorphism, and c.1677+124A>T as a Korean specific polymorphism. 

------------------------------------- 

Keywords: KIF22, SEMD-JL, monogenic rare disease, NGS. 

Student number: 2008-23295 
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INTRODUCTION 

Spondyloepimetaphyseal dysplasia with joint laxity (SEMD-JL), 

leptodactylic or Hall type (MIM603546) is a rare but distinct 

entity of the spondyloepimetaphyseal dysplasias group 1. The 

patients of SEMD-JL, leptodactylyic type are characterized by 

short stature, distinctive midface hypoplasia, progressive knee 

malalignment (genu valgum and/or genu varum), generalized 

ligamentous laxity, and mild spine deformity, but intellectual 

development is not impaired (Hall et al., 1998; Nishimura et al., 

2003; Kim, O.H et al., 2009). 

In previous study, we sequenced the exomes of three patients, 

the unaffected father of familial case, and five unrelated 

individuals with Spondyloepimetaphyseal dysplasia with joint 

laxity. On average, 54.05-fold coverage of the 38-Mb targeted 

exome was analyzed (Min et al., 2011). We focused our 

analyses primarily on nonsynonymous variants, splice acceptor 

and donor site mutations and coding indels. The mutations were 

filtered against pre-reported variants in dbSNP132 and 

HapMap project, in-house Korean variant data from 10 whole 

genome and 8 whole exome sequencing data from 

phenotypically normal Korean population and 8 variations 
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including three known SNPs (rs67578835, rs235648, and 

rs2450399) and five novel variations in the KIF22 gene were 

found in 7 of 8 patients (Min et al., 2011). 

Kid, which is the mouse form of KIF22, mediates 

anaphase/telophase chromosome compaction preventing 

formation of multinucleated cells and the role of Kid is 

especially important during the very early stages of 

development. The motor domain and DNA-binding domain are 

critical for Kid localization with microtubules in between 

adjacent chromosomes during anaphase (Ohsugi et al., 2008). 

But any relationship between KIF22 and Mendelian disease has 

not been reported. 

Exome sequencing is a powerful tool for identification of the 

pathogenic mutation in rare Mendelian disorders (Choi, M et al., 

2009; Ng, S.B et al., 2009). But at the same time, multiple 

exclusion criteria by using Sanger sequencing and other tools is 

necessary to revise the false positive signal and reduce the 

candidate variants of the disease. 

In this study, we screened 8 mutated variant in KIF22 based on 

whole exome sequencing results of three familial and five 

sporadic patients of SEMD-JL and compared them to the 
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sequences at identical region of the family members and 505 

Korean population with normal phenotype to identify disease 

causal mutation and familial specific polymorphism. Paralogue 

detection approach and protein damage prediction using web 

tools were also performed. 
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MATERIALS AND METHODS 

1. Validation of mutations using gDNA of the patients and 

their family members 

All 14 exons of the KIF22 gene were amplified for Sanger 

sequencing from genomic DNA of the eight patients, nine 

unaffected family members to validate mutations of KIF22 in 

the patients. 12 PCR primers sets were used to amplify the 14 

exons. RBC HiYield Gel/PCR DNA Mini Kit was used to purify 

DNA in the PCR products. (Taipai county 220, Taiwan) Sanger 

sequencing was performed by Macrogen Inc. (Seoul, Korea). 

 

2. Korean population study using gDNA samples of 505 

Korean population with normal phenotype by Sanger 

sequencing 

505 gDNA samples of Korean population were extracted from 

their whole blood samples. We pooled seven individuals in a 

single PCR reaction to detect the sequence variations using the 

same primer sets. RBC HiYield Gel/PCR DNA Mini Kit was used 

to purify DNA in the PCR products. (Taipai county 220, Taiwan) 



6 

 

Sanger sequencing was performed by Macrogen Inc. (Seoul, 

Korea).  

 

3. Bioinformatics analysis of the mutated variants 

Several web sequence analysis programs were used to analyze 

the sequences including three known SNPs (rs67578835, 

rs235648, and rs2450399) and five novel variations. Sequence 

homologies were described by using UCSC Human blat 

(http://genome.ucsc.edu/cgi-bin/hgBlat). RepeatMasker was 

used to analyze repeat sequences around variants 

(http://www.repeatmasker.org/). DNA block aligner was used 

to investigate unknown paralogue of the sequences around the 

variants (http://www.ebi.ac.uk/Tools/Wise2/dbaform.html). 

Polyphen II (http://genetics.bwh.harvard.edu/pph2/), SIFT 

(http://sift.jcvi.org/), and MutationAssessor 

(http://mutationassessor.org/) were used to predict protein 

damage induced by the variants. Finch TV program was used to 

analyze chromatogram of the sequence. 
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RESULTS 

Mutation validation and family study 

Since the abnormal variations including three known SNPs 

(rs67578835, rs235648, and rs2450399) and five novel 

variations were detected in 7 of 8 patients by using whole 

exome sequencing data of former study, several web sequence 

analysis programs, PCR, and Sanger sequencing method were 

performed to validate the mutations.  Remained gDNAs of 8 

patients, those were extracted for whole exome sequencing, 

were used for PCR and Sanger sequencing method. To remove 

possibility of the error induced by similarity of sequence 

between target region and its paralogue region, we analyzed 

reference and mutated sequence by using UCSC blat and DNA 

block aligner. There was no paralogue that were more than 90 % 

similar to one another. Any sequence block, which is identical 

with mutated sequence region, was not detected either. Sanger 

sequencing confirmed the presence of 8 sequence variations in 

the patients. To identifying disease causal mutation and familial 

specific polymorphism, we sequenced 14 exons of KIF22 of 

family members with normal phenotype of the patients (Fig 1). 

c.442C>T (p.Pro148Ser), c.443C>T (p.Pro148Leu), and 
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c.446G>A (p.Arg149Gln) were not existed in any of family 

members (Fig 2A). rs235648 and rs2450399 were detected 

from every gDNA sample for family study and 2 family 

members have rs67578835. Two novel sequence variations, 

c.695G>A (p.Arg232Gln), and c.1677+124A>T, were detected 

from specific family member of the patients. The c.695G>A 

(p.Arg232Gln) in II-1 of family 4 was inherited from her 

mother and the c.1677+124A>T in II-1 of family 5 was also 

inherited from her mother with normal phenotype. Any patient 

or family member does not have 8 pre-reported reference 

SNPs of KIF22 (Fig 2B). 

 

Korean population study  

To analyze the frequency of the 5 novel variants, 505 gDNA 

samples of Korean with normal phenotype from whole blood 

were prepared. c.1677+124A>T in patient II-1 of family 5, 

which was inherited from her mother, was found in 28 

chromosomes of 1010 chromosome. About 2.8% of population 

included in the study has the variant. The c.695G>A 

(p.Arg232Gln) in II-1 of family 4 was not found in any of 

control chromosomes from 505 Korean population  and the 
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remaining three sequence variations at residues Pro148 and 

Arg149 were not found in 1,010 control chromosomes from 505 

Korean gDNAs either. (Table 1) 

 

Protein damage prediction 

3 variations c.442C>T (p.Pro148Ser), c.443C>T (p.Pro148Leu), 

and c.446G>A (p.Arg149Gln) passed the multiple exclusion 

criteria. As a complementary approach, we performed protein 

damage prediction on the five novel variations filtrated from 

whole exome sequencing results. We used MutationAssessor, 

Polyphen, and SIFT to classify the variations. Two of these 

analysis methods Polyphen and SIFT implicated c.442C>T 

(p.Pro148Ser), c.443C>T (p.Pro148Leu), and c.446G>A 

(p.Arg149Gln) in KIF22 as harmful mutations and 

MutationAssessor predicted the medium range possibility of 

functional effect. The results on the other variations were 

predicted as benign mutations. (Table 2) 
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Figure 1. Pedigrees for 8 SEMD-JL patients and their family 

members. 

Symbols in black indicate affected individuals and individuals 

with * were provides gDNA for KIF22 exome screening. 
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(A)

 

(B)

 

Figure 2. Sanger sequencing results of 8 variants detected from 

whole exome sequencing. 

Sanger sequencing result for 3 novel variants in exon 4 of 

KIF22 are described in 2(A). Sanger sequencing result for 2 

novel variants and 3 reference SNPs in KIF22 are described in 

2(B). 
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Table 1. Reference SNPs in coding domain sequence (CDS) of 

KIF22 and 8 variants detected SEMD -JL patients. 

Position Nucleotide Mutation 
Amino acid 

change 
Reference 

SNP 

Frequency 

Patients 
(n=8) 

Unaffected 
family members 

(n=9) 

Korean 
population 

(n=505) 

Exon 2 29808241 c.98T>C p.Ile33Thr rs113256823 0.0% 0.0% n.a.* 

Intron 2 
29809674-
29809677 

c.26721_26718delTCCC · rs67578835 12.5% 22.2% n.a. 

Exon 3 29809724 c.296C>T p.Thr99Ile rs11545430 0.0% 0.0% n.a 

Exon 4 29809961 c.442C>T p.Pro148Ser Novel 37.5% 0.0% 0.0% 

Exon 4 29809962 c.443C>T p.Pro148Leu Novel 25.0% 0.0% 0.0% 

Exon 4 29809965 c.446G>A p.Arg149Gln Novel 25.0% 0.0% 0.0% 

Exon 4 29810048 c.529C>G p.Leu177Val rs11545429 0.0% 0.0% n.a. 

Exon 5 29810322 c.576G>C p.Ser192Ser rs11545431 0.0% 0.0% n.a 

Exon 5 29810325 c.579A>G p.Gly193Gly rs11545428 0.0% 0.0% n.a. 

Exon 5 29810410 c.664G>A p.Glu222Lys rs1054392 0.0% 0.0% n.a. 

Exon 5 29810441 c.695G>A p.Arg232Gln Novel 12.5% 11.1% 0.0% 

Exon 8 29811319 c.1230C>T p.Ile410Ile rs235648 100% 100.0% n.a. 

Exon 9 29814234 c.1425A>G p.Val475Val rs2450399 100% 100.0% n.a 

Exon 10 29814826 c.1506G>A p.Glu502Glu rs111981375 0.0% 0.0% n.a. 

Exon 10 29814884 c.1564G>A p.Gly522Arg rs235650 0.0% 0.0% n.a. 

Intron 11 29815510 c.1677+124A>T · Novel 12.5% 11.1% 2.8% 

*not analyzed 
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Table 2. Result of protein damage prediction tools for novel 

KIF22 mutations. 

Location Allele Gene Symbol Protein 
Protein 

pos. 
AA 

change 
Sift PPH2 Mass 

16:29809962 T ENSG00000079616 KIF22 ENSP00000160827 148 P/L 0.01 0.998 2.71 

16:29809961 T ENSG00000079616 KIF22 ENSP00000160827 148 P/S 0.03 0.998 2.68 

16:29809965 A ENSG00000079616 KIF22 ENSP00000160827 149 R/Q 0.07 0.999 2.4 

Polyphen II and SIFT appraise mutations qualitatively as 

benign, possibly damaging, or probably damaging. Higher 

number indicates damaging and lower number indicates benign 

in Polyphen II. Lower number indicates damaging and higher 

number indicates benign in SIFT. MutationAssessor appraises 

mutations qualitatively as neutral, low, medium, or high. Higher 

number (3 to 6) indicates high and lower number (-6 to 1) 

indicates neutral in MutationAssessor. 
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DISCUSSION 

Pathogenic mutation detection for rare monogenic disease has 

significant meaning because it provides information to figure out 

primary role of target gene, specific pathway of target gene, 

and disease mechanism. Exome sequencing is a fast and strong 

tool for identification of the variants in coding sequence of 

individual because the targeted resequencing of all protein-

coding subsequences requires only ~5% as much sequencing as 

a whole human genome and most functional effect are 

originated by coding region of genes. (Ng, S.B et al., 2009) We 

detected 86 genes with abnormal variants based on whole 

exome sequencing result data for 8 SEMD-JL patients and 

unaffected member of familial case and found out that seven out 

of eight patients carried mutations in KIF22, which encodes a 

member of the kinesin-like protein family by data combining. 

The frequency of mutations in the KIF22 gene in 505 Korean 

population was 5/6 kindred (83.3%), which is high for a 

dominant trait rare disease (Min et al., 2011). Variations of 

other kinesin family members are reported as pathogenic 

mutations of various diseases. Loss of Kif24 from cycling cells 

resulted in aberrant cilia assembly but did not promote growth 
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of abnormally long centrioles (Kobayashi, T et al., 2011). Kif3 

deficiency causes abnormal topography of hedgehog signaling, 

growth plate dysfunction, and nonphysiologic responses and 

processes in perichondrial tissues, including ectopic cartilage 

formation and excessive intramembranous ossification (Koyama, 

E et al., 2007). Mutations in KIF7 were reported in human 

Joubert syndrome and knockdown of KIF7 caused problems in 

cilia formation, centrosomal duplication, and Golgi network 

(Dafinger, C et al., 2011). Therefore, we sought to find the 

causative gene of SEMD-JL. But still it is hard to classify that 

which variant is disease causal mutation and which one is not. 

23,389 positions with excess heterozygosity suggestive of 

alignment errors were identified and 1,009 positions in which 

human genome reference sequence appeared to contain a minor 

allele in exome sequencing (Fajardo, K et al., 2011). Typical 

case of false positive signal is HYDIN. Duplicated360-kb 

polymorphism of the human homologue of the hydrocephalus 

inducing gene (HYDIN) at 16q22 is inserted in some humans at 

chromosome 1q21.1 (Martin, J et al., 2004). Therefore, in 

exome sequencing data, multiple abnormal variants in HYDIN 

are detected all the time. To ignore false positive signal and 
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classify disease causal mutation, regional specific variant, and 

familial specific variant, multiple exclusion criteria by using 

Sanger sequencing and other tools were performed. Since there 

was no paralogue region for the 8 variants, we ignored 

alignment error and screened the 8 variants in KIF22. Three 

mutations detected in the seven patients were localized in two 

amino acids 148 and 149 in the motor domain of KIF22 and 

implicated as harmful mutations in 2 protein damage prediction 

tools. 

We also detected three known and two novel SNPs in the KIF22 

gene by exome sequencing. Two of the known SNPs (rs235648 

and rs2450399) are synonymous amino acid substitutions and 

the allele frequency is very high in the Korean population. 

Another SNP, rs67578835 was also frequently found in 

unaffected family members, too. In addition, we found one 

intronic SNP, a substitution (G->A) in intron 11, and one 

nonsynonymous SNP, c.695G>A. The novel intronic sequence 

variation (c.1677+124A>T) was inherited from the unaffected 

mother and is unlikely to be involved any functional effect. It is 

not found in any 505 Korean gDNA samples and possibly 

familial specific rare variant inherited by their ancestor. 
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Nonsynonymous sequence variation in patient 6 changing 

Arg232 to Gln232 was also inherited from the unaffected 

mother, suggesting that p.Arg232Gln is a silent mutation and 

2.8% of population included in the study has the variant. It was 

not filtrated by dbSNP and 1000 genome database and is 

possibly Korean specific SNP. We conclude that the only patient 

group in this study has specific mutations of KIF22 gene 

affecting amino acids 148 and 149. For each novel silent 

mutation, we classified them as familial specific and regional 

specific single nucleotide variants. The mechanism by which 

these mutations lead to disease is likely related to deficient 

motor function of KIF22, but additional studies will be needed 

to understand the molecular pathogenesis of SEMD-JL 

associated with KIF22 mutation. 
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국  록 

론: 이  및 지  척추골단골간단이 증  단신,  이  및 탈구, 

사지 부 렬, 척추  등   가지고 있 며, 원인이 는  돌

연변이가 밝 지지 않  희귀 골이 증이다. 

방법: Whole exome sequencing  통해 발견한  KIF2   개  알려진 

SNP  다  개  새로운 변이  질병  발하는 돌연변이  가족 특이  

다  찾  해 돌연변이 인 실험, 가족 구 원 연구, 상인 집단 연구, 

그리고 protein damage prediction 실험  행하 다.  

결과: KIF22 에  나타나는 c.442C>T, c.443C>T 또는 c.446G>A  돌연변

이로부  발  p.Pro148Leu, p.Pro148Ser 또는 p.Arg149Gln  돌연변이

는 가족  자  명과 sporadic 자 다  명   명에  발견 었다. 이

들 돌연변이는 상인 부모  상인 집단에  발견 지 않았고, protein 

damage prediction 에  자  능  손상  보이는 것 로 나타났다. 다

른  개  새로운 돌연변이는 상인 가족 구 원에  발견 었고 그  하

나는 상인 집단 연구에 도 2.8%  률로 나타났다. 

결론: Sanger sequencing  이용한 돌연변이 인 연구는 exome 

sequencing  결과  일 했 며 false positive signal 도 발견 지 않았다. 

c.442C>T, c.443C>T, c.446G>A 등 3 개  돌연변이는 연구에 포함 었  

모든 집단  자에 만 나타나는 것  인하 며 또한 c.695G>A  경

우 가족 특이  다 , c.1677+124A>T 는 한국인 특이  다 인 것 로 

결론지었다. 

------------------------------------- 

주요어 : KIF22, SEMD-JL, monogenic rare disease, NGS. 
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